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ABSTRACT 

JUPITER 

i *  i. T 

taken 

This document reports the f i r s t  in a se r i e s  of studies being under- 

by ASCIIITRI on the Scientific Objectives of Deep Space Investigations. 

1 '$he theories of origin of Jupiter a r e  discussed and a r e  followed by a summa& 
i 

i' 

r e  
-- -- I of the physical properties of Jupiter. ----_ 

The measurements  which a r e  proposed a r e  (1) spectrometry and I I 
j 

I 

polarimetry of the Jovian atmosphere and i f  possible the surface, (2)  photog- 

raphy of the complex atmospheric appearance of Jupiter including observations 
# a 

1 1 through holes in the cloud cover either at the poles o r  over the Red Spot, 

1 
i 

L 

(3 )  magnetic field measurements  throughout the mission and in the supposedly 

high intensity field of Jupiter which may extend to 1 AU f rom the surface,  
i 
! 

: 
i era tures  under the cloud layer, ( 5 )  detection of plasma and particles in space 

(4) temperature  measurement  using microwave techniques to measure  temp- 

and in the proposed intense radiation belts, and (6) measurement  of inter-  

planetary dust and in particular any dust cloud associated with Jupiter 

a la te r  stage, biological measurements  should be considered in and below the 

At , 

A ,Q f '  , = 1 I r l d  
- ~ 

atmosphere.  

In the general discussion of missions to Jupiter it is assumed that 

i t  w i l l  be possible to  t raverse  the asteroid belt without incident. A fly-by of 

Jupiter a t  10 planetary radii  w i l l  provide much data which wi l l  be useful, 

However a n  orbiting space probe o r  even one which lands on a satell i te of 
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Jupiter and is thus always pointing toward the planet a r e  of sufficient inter-  

es t ,  particularly in the period of t ime over which they wi l l  be able to collect 

data, for  consideration even a s  a f i r s t  mission as the s ta te  of the a r t  pro- 

gresses .  Entry into the atmosphere of Jupiter and possibly landing on the 

planet a r e  probably in the second phase of investigation but wi l l  then open 

up the fields of meteorology, seismology and biology. An essential  part  of 

the ear ly  missions to Jupiter wi l l  be to gather data on interplanetary space 

between the Ear th  and Jupiter. 
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JUPITER 

Jupiter is the largest  known planet in the solar  sys tem having a 

diameter of l/lOth that of the Sun. It orbits the Sun a t  a mean distance of 

5. 2 AU with a period of approximately 12 y e a r s ;  the orbit has a small 

eccentricity of 0. 048 and an inclination to the ecliptic of only 1" 18'. It has 

a dense atmosphere with a heavy and characterist ic cloud layer which pro- 

hibit observation of its surface,  but which give the appearance of light and 

dark belts moving rapidly ac ross  the planet. The most well known feature 

of Jupiter is the red spot which has not been satisfactorily explained. Jupiter 

character izes  the Jovian group of planets which a r e  large and have low 

densities compared with the t e r r e s t r i a l  planets which a r e  small and have 

high densities. 

2. THE ORIGIN OF JUPITER 

Jupiter is surrounded by twelve satellites. 

A number of theories have been postulated for the origin of the 

planets and the solar  system, but there a re  two basic mechanisms which 

embrace most  of these, one hydrodynamic and the other magnetohydrodynamic. 

Kuiper (1951, 1956) has  extended the theories of Kant, Laplace, 

Roche and Weisacker and assumes the solar sys t em has condensed f r o m  a 

massive s te l la r  cloud with only mechanical forces and dynamics involved. 
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Rabe (1956, 1958) has  been able to show the stability of the sys t em with 

essentially the same  orbital  parameters as exist today. 

formed f r o m  very large protoplanets which reduce their  s ize  by evaporation. 

Jupiter is assumed to have reduced b y  a factor of 20 to i t s  present s ize  

(Kuiper 1956). 

condensations within the protoplanet system and are released as satell i tes 

during the shrinking process.  Urey (1952, 1956) although accepting the 

basic theory would object to the inclusion of the t e r r e s t r i a l  planets in just 

one single condensation of the solar  system and would suggest the process 

occurred a t  least  twice. 

proposed that the planet could not be formed f rom a gas cloud but would 

require  solid grains, probably hydrogen, which snowed out a t  a temperature  

of about 4 " K ,  and that helium was acquired la ter  in the process (Opik 1962). 

The planets a r e  

The satell i tes of planets are allowed to fo rm a s  localized 

F o r  the particular case  of Jupiter i t  has been 

The other basic theory of origin has been extended by Alfven 

(Alfven 1954, Alfven and Wilcox 1962) f rom the ear l ie r  hypotheses of 

Birkeland, Berlage and Dauville. This theory again postulates condensation 

f r o m  a s te l la r  cloud but requires  the gas to be hot and ionized so that the 

fall inwards towards the Sun is stopped by the solar  magnetic field a t  distances 

f r o m  the Sun determined by the magnitude of the field and the type of ions 

condensing. 

netic field to be considerably la rger  than i t  appears to  be at  present. 

then able t o  postulate that the te r res t r ia l  planets were formed f r o m  a 

different cloud than the giant planets and further that the satell i tes were  

formed by the same mechanism but with the individual planets now as the 

center  of attraction. 

In order  to support this theory Alfven supposes the solar  mag- 

He is 
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Both the above theories although agreeing on a condensation 

and coagulation of matter f r o m  a stellar cloud, differ radically in the mech- 

anism. 

their favor. 

3. PHYSICAL PROPERTIES O F  JUPITER 

Neither can be proved o r  disproved and both have many aspects in 

Jupiter has been observed in varying degrees of detail for some 

300 years  and although only the atmosphere and cloud layer  can actually be 

observed, many deductions have been made on i ts  physical properties. 

3. 1 Mass and Density 

Jupiter is by far  the most massive planet having some 318 times 

the m a s s  of the Earth. The density is  low by Earth standards being 1.3g/cc 

which is  approximately the same as  the density of the Sun, 

Size - 3. 2 

The enormous planet has about l / lOth of the diameter  of the 

Sun being almost  140, 000 km ac ross  the equator. However i t  is oblate to 

1 par t  in 15. 

3. 3 Brightness 

The brightness of Jupiter exceeds a magnitude of -2. 5 (at 

opposition) although accurate photometric data for Jupiter are quite limited 

(Sagan 1963). The mean opposition magnitudes for Jupiter have been found 

to vary with an amplitude of 0. 34 mag in a period of 11, 6 - t 0.4  years.  

With regard  to  the variation of brightness with solar  phase angle a small  

value for  the phase coefficient of the order of 0.005 mag/deg seems  

probable. 
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3. 4 Albedo and Color 

Jupiter has a measured albedo of 0. 44 which compares  with the 

minimum for a planet of 0. 15 fo r  Mars and the maximum of 0. 7 5  for Venus. 

Many colors  have been seen including greys, browns, reds  and 

blues, and must be associated with the atmosphere and cloud layer  which 

fo rms  the visible surface.  All the colors a r e  pale and despite chromatic 

effects a r i s ing  in  the Earth 's  atmosphere and in optical systems (Peek 1958) 

the various colors  a r e  agreed t o  be real. 

not known but Wildt (1939) has  suggested sodium in ammonia as an explanation 

particularly since sodium has been found in  the Ear th ' s  upper atmosphere. 

Urey (1958) suggests many of the possible compounds of carbon, nitrogen 

and hydrogen a r e  responsible but Kiess (1960) favors  oxides of nitrogen as 

the cause. 

3. 5 The Red Spot 

The reasons for the colors a r e  

The Red Spot of Jupiter is the well known colored region which 

has varied between a br ick red and a barely discernable grey over the 130 

yea r s  i t  has been observed. 

wide and although almost stable in latitude it shows considerable motion in 

longitude. Its motion has led to explanations a s  a floating raft  on a liquid 

o r  highly compressed gas but it has always been difficult to explain why i t  

should not have moved to a position of minimum gravity on the equator. 

Hide (1963) suggests i t  may be a discontinuity 2-3 k m  high on the surface of 

Jupiter providing the c rus t  of Jupiter has a non-uniform motion. 

vention of cloud formation Over the spot is then explained by Taylor columns 

generated by the height of the surface, and the color has been associated 

It is about 40, 000 km long and some 13, 000 km 

The pre-  

I l l  R E S E A R C H  I N S T I T U T E  

- 4 -  



with organic compounds. 

source of the bursts  of radio emission from Jupiter (Smith and C a r r  1961). 

3. 6 Temperature  

The Red Spot is no longer considered to be the 

Temperature measurements have been made with both infrared 

and microwave radiometers,  but the position of the temperature sources  

a r e  not known precisely. 

Jupiter is an  infrared measurement through the Ear th ' s  atmospheric window 

(8-1415.) and since an ammonia band occupies most  of this window, the 

temperature must be considered to be that of ammonia in  the upper Jovian 

atmosphere. 

should m o r e  nearly represent  the surface temperature  but have been found 

to vary between 170 OK for 3 c m  wavelengths up to 70, 000 OK at 70 c m  wave- 

lengths. 

is a suggestion that the shorter  wavelength data a lso contains a non-thermal 

component. 

3. 7 Atmosphere 

The temperature of 130 O K usually quoted for  

The temperatures  determined at  microwave frequencies 

The longer wavelength radiation is clear ly  non-thermal and there 

Ammonia and methane having bands in the visible spectrum were  

the f i r s t  atmospheric constituents to be discovered but a r e  not the major  

ones. Hydrogen was  f i r s t  deduced from occultation and later by measure-  

ment of i t s  quadrupole rotation - vibration spectrum by Herzberg (1949) in 

the laboratory and by Kiess (1960) for  Jupiter itself. 

the Jovian atmosphere has been deduced as containing mainly hydrogen with 

lesser quantities of helium and neon and w i t h  ammonia, methane and argon 

as impurities. 

The composition of 
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The most striking features  of the atmosphere of Jupiter a r e  the 

4 light and dark cloud belts which move at velocities up t o  10 cm/sec and 

indicate severe  turbulence and atmospheric activity. However the mani- 

festation of atmospheric activity is similar over the whole planet, which 

shows a prevailing eastward motion, is  stronger i n  the Southern hemisphere, 

and has an apparent cycle of 20-22 years (Focas  1963). 

3. 8 Surface 

The nature of the Jovian liquid o r  solid surface is completely 

unknown since i t  is not visible f rom the Earth. However the greenhouse 

effect of methane and ammonia will contribute to higher surface temperatures  

which Sagan has  suggested may even approach the temperatures  on the Earth.  

Thus a possibly w a r m  surface,  a reducing atmosphere,  and a primordial  

abundance of oxygen could produce a situation similar to the one which existed 

on the Ea r th  when life forms were established. Sagan (1963) has  noted that 

simple organic molecules a r e  produced in high yield by electr ic  discharges 

which could be considered within the atmospheric activity of Jupiter. The 

eventual s e a r c h  for l ife and pre-life forms on Jupiter will be an exciting 

phase of solar sys t em exploration. 

3. 9 Structure and ComDosition 
-- ~- 

The most  generally accepted theory fo r  the constitution of 

Jupiter is one of a solid metallic hydrogen core (Opik 1962). However 

Jupiter,  with i t s  low density could s t i l l  have a n  Ear th  mass of i ron and 

sil icates within i ts  core.  

78 70 H and 22 70 He with the helium increasing monotonically towards the 

center. 

The model proposed by De Marcus (1958) assumes  

In order  to make the model agree with the observed gravitational 
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and inertial  properties of Jupiter, a dense core  is assumed at the center ,  

some 12,000 k m  dia and ten t imes the mass of the Earth. In the model, 

which follows the work of Stewart (1956) on the composition of solidified 

gases,  the transition f rom solid hydrogen to metallic hydrogen occurs a t  

about 1/5 of the radius in f r o m  the surface. 

3. 10 Magnetic Field 

The existence of a Jovian magnetic field is implied in the inter-  

The cyclotron theory of radio pretation of radio emission f rom the planet. 

emission f r o m  radiation belts would require a surface field of 10 

while a synchrotron theory reduces the required field by a n  o rde r  of mag- 

nitude (Field 1960, Davis 1961). There a r e  a lso indications that the mag- 

netic field axis is quite asymmetr ic  with respect  to the geographical axis. 

(Warwick 1958). 

theory is not valid i f  indeed Jupiter has a metallic hydrogen co re  and the 

only reasonable suggestion which avoids this problem is that the field is 

pr imordial  and has  decayed very l i t t le over the las t  few billion years.  

3. 11 Trapped Radiation Belts 

3 gauss 

The explanation of the magnetic field in t e r m s  of a dynamo 

The existence of trapped radiation belts is implied by the large 

magnetic fields that were postulated to explain the radio emission. 

models have been proposed to descr ibe these radiation belts, based on an  

analysis of observed emission (Warwick 1958, Chang and Davis 1962). It 

is suggested that two trapped radiation belts exist ,  one centered at  1. 5 radi i  

and the other between 2 and 3 radii .  

asymmetr ica l  to the planet's geographical axis as a resul t  of an asymmetr ic  

dipole moment. This distance is consistent with the fact  that radio emission 

Several  

These belts a r e  pictured as being 
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is observed a t  a distance of 3 radi i  f rom the planet. 

radio emission suggest that there  are at least  10 

than in the Earth 's  radiation belts, and that a different energy distribution 

exis ts  (Chang and Davis 1962). 

found for the energy source which maintains the large radiation belts unless 

a very  high energy conversion mechanism exis ts  f o r  the radio emission. 

3. 12 Micrometeorites and Dust 

Calculations based on 

2 3 particles/cm grea te r  

A satisfactory explanation has  not yet been 

No data exists for the dust distribution in the vicinity of Jupiter. 

However i t  is known f rom meteor studies that in the Ear th ' s  vicinity impacts 

occur a t  a ra te  of about 7 per hour and appear to vary inversely with distance 

f rom the Earth to  a 1. 4 power law (Whipple 1961). 

indicate that the region between Earth and Venus has  a density some 10 

t imes lower than near the Earth. 

Ea r th  and near  Jupiter dust environments to  see  if some relationship exists 

which will indicate a source of the dust and a retention mechanism. 

4. BASIC SCIENTIFIC QUESTIONS 

Results f rom Mariner I1 
4 

It would be useful to compare the near 

~ 

The number of scientific questions which can be asked about 

Jupiter exceed, by far, the vast  number of questions which s t i l l  remain un- 

answered on the Earth itself. However some of the more  immediate 

questions which a r e  pertinent to our understanding of Jupiter a r e  given 

below. 

4. 1 What is the construction and constitution of the core  

and surface layers  of Jupiter? 

Can the age of Jupiter be determined? 

What is the constitution and pressure of the atmosphere? 

Can the coloration of Jupiter be explained? 

4. 2 

4; 3 

4. 4 
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4. 5 What is the nature of the Red Spot? 

4. 6 What is the temperature  distribution and energy balance 

throughout the atmosphere and bulk of Jupiter ? 

Is there an internal source of heat in Jupi te r?  4. 7 

4. 8 What is the topography of the Jovian sur face?  

4. 9 What is the magnitude and configuration of the 

magnetic f ie ld? 

4. 10 What is the distribution and size and energy balance 

of the radiation belts around Jupi ter?  and do au ro ra l  

phenomena exist ? 

What is the mass distribution and constitution of 

meteoroids in the vicinity of Jupi ter?  

Is there evidence of life o r  pre-life fo rms  on Jupiter 

o r  in the Jovian atmosphere? 

4. 11 

4. 12 

5. BASIC MEASUREMENTS 

A vast number of measurements w i l l  eventually be made on 

Jupiter and in  its environment. The following suggestions a r e  made as the 

basis  of an extending series of experiments which wi l l  lead to a n  under- 

standing and explanation not only of Jupiter but the whole solar  system. 

5. 1 Spectrometry and Polarimetry 

The Jovian atmosphere, cloud cover and possibly the surface in 

the polar regions should be examined to yield information concerning the 

constituents, p ressure  and temperature of the atmosphere. Measurements 

f r o m  the far infrared to  the far ultraviolet a r e  indicated but just a few 

spec t ra l  regions wi l l  be adequate initially to  extend Earth or  near  Ea r th  

measurements ,  and to help in the interpretation of the colors of Jupiter. 
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5. 2 Photography and TV 

Pic tures  of Jupiter, with its complex atmospheric appearance, 

Much will be most revealing if obtained f r o m  a probe in i t s  near  vicinity. 

higher resolution pictures than a r e  obtainable f rom Ear th  taken over a 

period of a t  least  a few hours will give much information on the activity of 

the atmosphere. A region of particular interest  wi l l  be the Red Spot which 

is assumed not to  be covered by clouds. 

pheric s t r a t a  may be obtained by observing any holes in the cloud layer  

Some information on the atmos-  

particularly in the region of the Red Spot o r  the poles. 

5. 3 Magnetic Fields 

Very useful experiments could be performed by measuring the 

magnetic fields in  the whole region between Ear th  and the surface of 

Jupiter. The very large Jovian field should be easy to monitor but it is 

probable that i ts  complexity wi l l  not be fully determined in just  one or  two 

mi  s s ions. 

5 . 4  Radiometry 

Temperature  measurements for  the surface of the planet would 

s e e m  possible using microwave detection and this should be extended to 

cover  the whole surface before attempts should be made to penetrate the 

atmosphere with a space probe. Further  measurements  should be made on 

the non-thermal radio emission f r o m  the planet i f  possible, through and 

inside the radiation belts. 

5. 5 Radiation Detection 

The radiation belts of Jupiter should be probed to determine 

their  nature  and to compare them with the Ear th ' s  belts in view of the vastly 

different magnetic fields, their  different position regarding so lar  radiation, 
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and their  energy balance. 

5. 6 Dust and Micrometeorite Detection 

Measurements of interplanetary dust should be made between 

Earth and Jupiter and in particular evidence should be obtained on the dis-  

tribution and constitution of any particulate matter near  the Jovian atmos - 

pher e. 

5. 7 €3 iology 

Initial biological evidence may be obtained by collecting and 

analyzing samples  of the atmosphere particularly in the region of the Red 

Spot. 

surface should be  seriously considered. 

6. IMPORTANCE O F  JOVIAN DATA 

At a la ter  stage, detailed examination of the lower atmosphere and 

Fur ther  investigation of Jupiter cannot help but increase  our 

understanding of the solar  system. The many deductions and hypotheses 

that have been applied to the planet deserve verifying o r  disproving and 

this will only be possible with missions f rom Ear th  to Jupiter. Jupiter is 

of added interest  since it is the nearest  planet of an apparently separate  

group f r o m  the Earth and has  yielded, even f rom Earth observations, a 

tantalizing wealth of data already. It is a la rge  object in a predictable 

orbit and therefore  presents a relatively amenable target for the near  future. 

7. JOVIAN MISSIONS 
-~ 

Due to i t s  position relative to the Earth, a mission to Jupiter 

The major must be considered as one of the ear ly  deep space missions. 

unknown factor  in sending a spacecraft  to Jupiter is how difficult will it  be 

to t r ave r se  the asteroid belt. This problem may be solved by probing the 
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that this difficulty can be overcome there is a great  deal of scientific 

5 reward in approaching even to within ten planetary radi i  (i. e. 7 x 10 

of Jupiter. However there  is no doubt that an orbiting probe, o r  Jovian 

moon lander  will give much more  data than a flyby and this should be con- 

s idered even as a f i r s t  mission as the state of the a r t  progresses .  

very dense atmosphere of Jupiter precludes ear ly  penetration of the cloud 

layer with a probe although this is probably a necessity before the ultimate 

goal of landing on Jupiter can be achieved, and the whole field of meteor-  

ological, se ismic,  and biological experiments can be performed. However 

not only measurements  on Jupiter itself a r e  possible on a Jovian mission 

but important data can be obtained on the interplanetary space between the 

Ea r th  and Jupiter, on the asteroid belt and perhaps on the satell i tes of 

Jupiter. 

km) 

The 
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